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SPECIFICATION 

1 . Title of the Invention 

FEED FOR RED COLOR FISH AND FARMING METHOD OF RED COLOR FISH 

2. Claims for the Patent 

(1) Feed for red color fish characterized by containing 
fatty acid ester of astaxanthin. 

(2) A red color fish farming method characterized in that 
fatty acid ester of astaxanthin is supplied to red color fish. 

3. Detailed Description of the Invention 

Industrial Application Field 
The present invention relates to feed which improves the 
body color of cultured fish. More specifically, the present 
invention relates to feed which improves the body color of red 
color fish. 

Further, the present invention relates to a fish farming 
method to improve the body color of red color fish. 
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Conventional Art 

The flesh color of salmon and trout and the body color of 
red sea bream mainly comes from astaxanthin, and methods to 
improve the flesh color and the body color by supplying feed 
supplemented with astaxanthin to cultured fish are known 
(Japanese Patent Laid-Open No. 54-70995, Japanese Patent Laid- 
Open No. 57-206342, Japanese Patent Laid-Open No. 48-12798). 

However, carotenoid is generally an unstable pigment, and it 
is easily degraded by light, in particular ultraviolet rays. 
Astaxanthin is not an exception, and it has been found that 
astaxanthin has an extremely poor stability in an aqueous 
solution or in feed. 

Problems to be Solved by the Invention 
Therefore, development of technology to improve light 
resistance of astaxanthin has been demanded. The invention 
proposed here aimed at solving this problem. 

Means for Solving the Problems 
The inventors have conducted intensive studies to solve the 
problem mentioned above, and have found that the stability of 
astaxanthin in an aqueous solution or in feed remarkably is 
improved by esterifying a hydroxy group of astaxanthin with 
fatty acid and thus completed the present invention. 

That is, the present invention is directed to feed for red 
color fish characterized by containing a fatty acid ester of 
astaxanthin . 
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In another aspect, the present invention is directed to a 
farming method of red color fish characterized by supplying an 
astaxanthin fatty acid ester to red color fish. 

Hereinbelow, constitution of the present invention is 
described in detail. 

(Fatty acid esters of astaxanthin) 
As the fatty acids which can be used for esterif ication of 
astaxanthin, saturated or unsaturated fatty acids such as 
linoleic acid, oleic acid and palmitic acid can be used, but 
they are not limited to these higher fatty acids, and lower 
fatty acid can used as well. 

Fatty acid esters of astaxanthin are known compounds [for 
example, "Helvetica Chimica Acta (Helv, Chim. Acta) Vol. 61, 
page 2609 (1978)] and as production methods thereof, 
conventional methods to conduct esterif ication of alcohols can 
be used. 

In order to describe synthetic methods of fatty acid ester 
of astaxanthin. Reference Examples 1 and 2 are shown in which 
astaxanthin dipalmitoyl ester is synthesized selecting palmitic 
acid as an example of the fatty acid. 

Referential Example 1 

26 mg of astaxanthin was dissolved in 10 ml of 
tetrahydrofuran, and 0.5 ml of pyridine and 0.8 ml of palmitoyl 
chloride were added. The reaction was performed at room 
temperature overnight. 50 ml of ethyl acetate was added to the 
reaction liquid and esterif led astaxanthin was extracted. The 
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ethyl acetate layer containing esterified astaxanthin was washed 
with water, and then with a saturated saline solution, and after 
dried over anhydrous sodium sulfate, concentrated to obtain 40 
mg of oily astaxanthin dipalmitoyl ester. 

Referential Example 2 

Astaxanthin was extracted from crush body of Phaffia 
rhodozyma yeast with acetone and the extracted liquid was 
concentrated and the solvent was exchanged to ethyl acetate, the 
extract was concentrated to obtain an oily roughly purified 
product containing 0.18% astaxanthin dipalmitoyl ester. About 10 
g of this oily substance was dissolve in a little amount of 
chloroform and allowed to be adsorbed by silica gel column (120 
ml) . After the column was washed with 200 ml of hexane, 
astaxanthin was eluted as the ethyl acetate concentration was 
gradually increased from a solvent having a composition of 
hexane: ethyl acetate = 50:1. These were collected and 
concentrated to obtain about 95 mg of roughly purified product 
(astaxanthin content of 10 to 20%). 

170 mg of this roughly purified astaxanthin was dissolved in 
10 ml of tetrahydrof uran, added with 0.5 ml of pyridine and 0.8 
ml of palmitoyl chloride, and reacted at room temperature 
overnight. 50 ml of ethyl acetate was added to the reaction 
liquid and insolubles were filtered off. The ethyl acetate layer 
was washed with water and then with a saturated saline solution, 
and after dried over anhydrous sodium sulfate, dried to solid by 
evaporating the solvent. The residual liquid was dissolved in a 
little amount of hexane, and purified with a silica gel column 
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(50 ml) as above. The eluted fractions by hexane: ethyl acetate 
= 10:1 were collected and concentrated to obtain 263 mg of 
astaxanthin dipalmitoyl ester. 

Examples 

Example 1 

The stability in feed of astaxanthin dipalmitoyl ester 
prepared by the above Referential Examples was examined. 

127 mg of astaxanthin dipalmitoyl ester obtained by 
Referential Example 2 was added to 100 g of feed for sea bream 
(white fish meal: about 65%, starch: about 25% , beer yeast: 
about 4%, soybean cake: about 4% and mineral and others: about 
2%) and divided to portions (each 10 g) . Some were allowed to 
stand at 5°C whereas the others at 30°C for 90 days and the 
stability of astaxanthin esters was examined. As control feed, 
feed for sea breams containing Phaffia rhodozyma yeast extract, 
krill extract and Carophyll pink were prepared and used. The 
results were as shown in the following table and judging from 
the residual rate of astaxanthin, it has been found that 
astaxanthin dipalmitoyl ester is extremely stable as compared 
with the other samples . 



Storage 
temperature 


Cell body 
extract 


Krill 
extract 


Carophyll 
pink 


Astaxanthin 
dipalmi t oy 1 
ester 


5°C 


82% 


95% 


55% 


95% 


30°C 


46% 


72% 


40% 


93% 
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Example 2 

The same amount of water was added to the feed for fisheries 
containing astaxanthin dipalmitoyl ester shown in Example 1 to 
prepare feed for red sea bream. 

The above feed was used for the first test group and feed 
containing astaxanthin of the same mol amount in substitution 
for astaxanthin dipalmitoyl ester of the above feed was used for 
the second test group and feed for the first test group from 
which astaxanthin dipalmitoyl ester was removed was used for the 
third test group. 

In the breeding test, 13 individuals of red sea bream 
(length 15 to 17 cm) younger than one year were used for each 
test group and after bred at 24 to 25 °C for four weeks, color of 
the red sea bream was determined. Feed was cast twice a day with 
about 10 g/13 individuals. 



Test group 


Color of red sea bream epidermis 


1 


Denser than control group 


2 


Slightly denser than control group 


3 


(Control group) 



The color tone of red sea bream bred in the first test group 
was close to or better than the body color of natural red sea 
bream. 

Example 3 

In the production method of astaxanthin dipalmitoyl ester of 
Referential Example 1, caproic acid CH 3 (CH 2 ) 4 COOH was used in 
substitution for palmitic acid and astaxanthin dicaproyl ester 
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was prepared. 130 mg of this astaxanthin dicaproyl ester was 
admixed in 100 g of feed for sea bream as in Example 1 and 
stability of the samples (each 10 g) in the feed of astaxanthin 
dicaproyl same as Example 1 was examined. 

As the results shown in the following table, astaxanthin 
dicaproyl ester was extremely stable in comparison with the 
other samples . 



Storage 
temperature 


Cell body 
extract 


Krill 
extract 


Carophyll 
pink 


Astaxanthin 
dipalmitoyl 
ester 


5°C 


80% 


95% 


60% 


94% 


30% 


40% 


65% 


55% 


94% 



Advantages of the Invention 
The feed of the present invention is excellent in light 
resistant as well as in the other stability in the air and in 
water and when red sea bream is bred using this feed, the color 

tone close to or better than the body color of natural red sea 

( 

bream can be attained. 
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